The accumulation of ribulose-1,5-bisphosphate carboxylase (RuBPCase) MATERIALS AND METHODS Euglena gracilis strain Z Pringsheim was grown in the dark to a density of 106 cells ml1' on Hutner's pH 3.5 medium and then greened on pH 6.8 'resting' medium as before (9).
'Abbreviation: RuBPCase, ribulose-1,5-bisphosphate carboxylase.
to inhibit greening (1, 3, 11, 12, 17) . Therefore, we also examine the effect of the readily metabolized carbon source, ethanol, on the kinetics of accumulation of RuBPCase in greening Euglena.
In addition, we compare the light-induced accumulation of RuBPCase with the increase in its activity during greening and make further comparisons with the kinetics of Chl accumulation and the development of the capacity for photosynthetic CO2
fixation. Brief reports of this work have appeared previously (7, 8) .
MATERIALS AND METHODS Euglena gracilis strain Z Pringsheim was grown in the dark to a density of 106 cells ml1' on Hutner's pH 3.5 medium and then greened on pH 6.8 'resting' medium as before (9) .
In experiments with DCMU, dark-grown resting or greening cell cultures were divided into four equal portions. The first received DCMU (from a stock solution of 10 mm DCMU in absolute ethanol) and ethanol at final concentrations of 10 jAM and 17 mm respectively. The second received an equivalent amount of ethanol. The third received DCMU at a final concentration of 10 Mm. In this case, DCMU was suspended by magnetic stirring at a concentration of 1 mm in sterile distilled H20 and an appropriate aliquot was added immediately to the third flask. The fourth received an equivalent amount of sterile distilled H20. Then all four cultures were placed in the light and incubated for the desired time. When necessary, DCMU was removed by centrifuging an aliquot of culture for 2 min at 300g at room temperature under sterile conditions. Pelleted cells were resuspended in fresh sterile resting medium and put back in the light. Control cultures lacking DCMU were treated the same way.
Cell density, Chl, RuBPCase activity, and photosynthetic CO2 fixation were measured as described (9) . RuBPCase content per cell was determined with an antibody to the holoenzyme also as described (9) . Paramylum concentration was measured according to Freyssinet et al. (10) .
RESULTS
Influence of Paramylum Content on RuBPCase Accumulation in Greening Eugkna. The higher the amount of endogenous paramylum (carbohydrate) reserves available, the higher was the accumulation ofRuBPCase during the first 24 to 48 h ofgreening (Table I) .
RuBPCase Accumulation and Activity in the Presence of DCMU in Water Added at the Beinning of Greening. When the photosynthesis inhibitor DCMU was added in water to resting cultures at the beginning of greening, Euglena accumulated RuBPCase at a slower rate than did control cells (Fig. IA) . After NUTRITIONAL CONTROL OF RIBULOSE-1,5-BISPHOSPHATE CARBOXYLASE (Table I ). The higher the amount of paramylum, the less inhibitory was the DCMU, at least during the first 24 h. By 48 h, however, DCMU was about 50% inhibitory regardless of the initial paramylum content of the cells.
As expected, DCMU added at the beginning of greening blocked photosynthetic CO2 fixation and allowed only a low rate of Chl accumulation ( Fig. 1 B) . When the inhibitor was washed away, the rates of Chi accumulation and photosynthetic CO2 fixation initially rapidly increased and then slowed 5 to 10 h later. Neither parameter, however, reached normal levels even 50 h after removal of the DCMU (Fig. 1 B) .
RuBPCase Accumulation and Activity in the Presence of DCMU in Ethanol Added at the Beginning of Greening. When DCMU was added in ethanol at the beginning of greening, both the amount and activity of RuBPCase increased at rates about the same as those of control cells following a lag of about 10 h ( Fig. 2A) (Table II) . No change in RuBPCase content occurred when the DCMU was added in ethanol or when ethanol alone was added (Table II) . In contrast, RuBPCase activity increased under all experimental conditions. However, compared to the water control, the increase was less when ethanol alone (also shown by Schimpf et al. 17) or DCMU in water or ethanol was added (Table II) . Photosynthetic CO2 fixation in greening cells was completely inhibited by 72 h after the addition of DCMU in water or in ethanol (Table II) . Ethanol alone also was inhibitory but less so than DCMU. DISCUSSION Dark-grown Euglena contain a low level of RuBPCase (9) . However, accumulation of the enzyme over the dark level in Euglena greening on a resting medium is photoregulated (9) . Light induces a rapid degradation of paramylum reserves in resting Euglena during the first 24 h of greening (4, 10, 18) . There is a close correlation between paramylum degradation and chloroplast development (5, 6, 10, 16) . However, the lightinduced paramylum breakdown is independent of photosynthesis because it occurs in resting Euglena in the light even in the presence of the photosystem II inhibitor, DCMU (4). As shown here, the higher the paramylum content of dark-grown Euglena, the more RuBPCase accumulates during at least the first 24 h of greening (Table I) . Therefore, during the first day of (Fig. IA) . When DCMU in water is added after 25 h of greening, accumulation of the enzyme is quickly slowed and eventually stopped (9) . When the inhibitor is added in water after 41 h of greening, the cells' content of RuBPCase ultimately decreases (Table II) . It should be noted, however, that the cellular content of paramylum apparently is a major determining factor of the exact time during greening when net synthesis of RuBPCase becomes dependent on photosynthesis (Table I) . RuBPCase accumulation is DCMU-sensitive by 24 h of greening at low levels of paramylum but after 24 h at a high level of paramylum (Table  I) .
Removal of external DCMU after the cells had been exposed to it in the light for 45 h did not result in a rapid accumulation of RuBPCase to control levels (Fig. IA) . Instead, the rate of RuBPCase accumulation only transiently increased and then slowed again to about the same rate as when the inhibitor was present. Also, neither the level of Chl nor the rate of photosynthetic CO2 fixation equalled that in control cells even 50 h after the DCMU was removed (Fig. IB) . Therefore, DCMU may induce a not-readily-repaired lesion in photosynthesis-dependent metabolic pathways. Alternatively, some DCMU may remain tightly bound in the cells and continue to be inhibitory even though the external DCMU is washed away.
RuBPCase activity depends on several different small effector molecules (14) . When DCMU was removed, the rate of RuBPCase activity rapidly increased in contrast to its rate of accumulation (Fig. IA) . Therefore, when present, DCMU may interfere with the availability of the effector molecules. If so, when the inhibitor is removed, these effectors would become available and activity of the enzyme already present would increase.
The accumulation of RuBPCase during greening can be regulated (negatively) as a result ofthe addition to the resting medium of a readily-metabolized nutritional (organic) carbon substrate, e.g. ethanol, ordinarily used by Euglena for growth. Such organic substrates are known to repress greening (1, 3, 11, 12, 17) . When (Fig. IA, water control) . The slower rate is explained at least partly by the fact that ethanol partially inhibits paramylum degradation (1 1). Thus, the pool of breakdown products for the synthesis of RuBPCase is limited. Also, photosynthetic CO2 fixation occurs at a lower rate in the presence of ethanol (Fig.  2B ) than in its absence (Fig. 1B) . A more striking negative nutritional regulation of RuBPCase accumulation occurs when ethanol is first added after 41 h of greening (Table II) . In this case, there is no further increase in RuBPCase content 72 h later. This result appears explained by the fact that, although continued accumulation of the enzyme at 41 h of greening is dependent on photosynthesis (as discussed above), ethanol inhibits photosynthetic CO2 fixation at this time (Table II) . Thus, the pool of photosynthetically produced substrates for the synthesis of RuBPCase is reduced. The latter strong inhibition of the accumulation of RuBPCase in Euglena by an organic carbon source may represent a common nutritional regulatory mechanism among algae because a similar result has been reported for Chlamydobotrys (15) and for Chlorogonium and Cyanidium (2) .
Interestingly, although inhibitory itself, ethanol when added along with DCMU at the beginning or after 41 h of greening overcomes ( Fig. 2A 
